ABSTRACT
INTRODUCTION
Layered double hydroxides (LDHs) are a class of nanostructured anionic clays. They consist of positively charged brucite-like sheets that are balanced by the intercalation of anions in the hydrated interlayer regions (Goh et al. ) .
Because of the high surface area, large anion exchange capacity, and good thermal stability (Cavani et Lab, Seoul, Korea). The mineralogical and crystalline structural properties were examined using X-ray diffraction (XRD) (D8 Advance, Bruker, Germany) with a CuKα radiation of 1.5406 Å at a scanning speed of 0.6/sec. Surface areas were determined by BET N 2 adsorption analysis using an ASAP 2010 instrument (Micromeritics, USA).
MATERIALS AND METHODS

Fluoride adsorption experiments
The desired fluoride solution was prepared by diluting the stocking fluoride solution (1,000 mg/L), which was made from sodium fluoride (NaF). First, batch experiments were performed using LDH-105, LDH-300 and LDH-700. LDH phosphate, carbonate and sulfate) were added to the fluoride solution using Na-based chemicals (NaNO 3 , NaCl, NaH 2 PO 4 , NaHCO 3 , Na 2 SO 4 ) to achieve the desired anion concentrations (5 and 50 mM). All experiments were performed in triplicate.
Data analysis
The kinetic model analysis can be performed using the following pseudo first-order and pseudo second-order models:
where q t is the amount of fluoride removed at time t, q e is the amount of fluoride removed at equilibrium, k 1 is the pseudo first-order rate constant, and k 2 is the pseudo second-order velocity constant.
The equilibrium model analysis can be conducted using the following Langmuir and Freundlich isotherm models:
where C is the concentration of fluoride in the aqueous solution at equilibrium, K L is the Langmuir constant related to the binding energy, Q m is the maximum mass of fluoride removed per unit mass of LDH (maximum removal capacity), K F is the distribution coefficient, and n is the Freundlich constant. Values of K L , Q m , K F , and n can be determined by fitting the Langmuir and Freundlich models to the observed data.
RESULTS AND DISCUSSION
Characteristics of calcined Mg/Al LDHs
The digital images and XRD patterns of calcined Mg/Al
LDHs are presented in Figure 1 , and the characteristics of calcined Mg/Al LDHs are summarized in 
Fluoride removal by calcined Mg/Al LDHs
The fluoride adsorption capacities of calcined Mg/Al LDHs are compared in Figure 2 . At an initial fluoride concentration of 100 mg/L, the adsorption capacity of LDH-700 was 14.9 mg/g, which was 2.5 and 1.7 times greater than those of LDH-105 (6.0 mg/g) and LDH-300 (8.7 mg/g), respectively. Moreover, the adsorption capacity of LDH-700 (28.4 mg/g) was 2.9 and 2.0 times greater than those of LDH-105 (9.8 mg/g) and LDH-300 (13.9 mg/g), respect- 
Fluoride sorption kinetics and equilibrium isotherms
The kinetics of fluoride removal in LDH-700 is shown in Figure 5 . Model parameters for the pseudo first-order and pseudo second-order models obtained from the kinetic experiments are provided in Table 3 . In the pseudo firstorder model, the value of q e at 100 mg/L of fluoride was 14.565 mg/g. At 200 mg/L, the value of q e was 29.109 mg/g, which is about two times greater than that at 100 mg/L.
The value of k 1 at 100 mg/L was 0.433 h cated that the pseudo second-order model described the kinetic data better than the pseudo first-order model.
The equilibrium isotherms of fluoride in LDH-700 are given in Figure 6 , and the equilibrium isotherm constants are summarized in Table 4 . In the Freundlich model, the dis- 
